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T I U  EFFECT OF C O W L I U G  SBAPE ON TI33 S T A B I L I T Y  

C B B R B C T E R I S T I C S  OF AN A i R P L A Z 3  

B y  6. J. Donlan and! W, L e t k o  

T h r e e  w i d e l y  d i f f e r e n t  n o s e  s h a p e s  were t e s t e d  on a 
f u s e l a g e  a l o n e  a n d  on  a c o m p l e t e  n o d e l  i n  t h e  UACA s t a-  
b i l i t y  tunlnel  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  c o w l l n g  s h a p e  
on  s t a b i l i t y  c h a r a c t e r i s t ? @ s ,  The r e s u l t s  a r e  p r e s e n t e d  
i n  t h e  forr, of  c h a r t s  wn-lch show t h e  v a r i a t i o n  i n  t h e  
a e r o d y n a m l c  c h a r a c t e r i s t i c s  w i t h  t h e  t h r e o  n o s e  s h a p e s  f o r  
t h e  p r o p o i l e r - r c m o v o d  c o n d i t i o n  o v e r  a wi6e r a n g e  o f  an-  
g l e s  o f  a t t a c k  a n d  gsw, 

The r e s u l t s  o f  t h s  i n v c s t i g a t i o n  i n d i c a t e d  t h a t  l a r g e  
c h a n g e s  i n  t h e  c o w l i n g  sl=.t>e p r o d u c c d  r s l a t i v o l y  small  
c h a n g c s  i n  t h e  ae rodynamic  c h a r a c t c r f s t i c r .  The o f f c c t s  
may bo a p p r e c i a b l e ,  however ,  i n  t h s  ca,se o f  a n  a i r p l a n e  
t h a t  has m a r g i n n l  s t a b i l i t y .  

I ET RODU CT I ON 

T h e  trend i n  c o n t e m p o r a r y  a i r p l a n e  d e s i g n  toward  
h i g h e r  wing l o a d i n g s ,  s m a l l e r  wing a r e a s  w i t h  r e s p e c t  t o  
f u s e l a g e  a reas ,  a n d  l a r g e r  moments of i n e r t i a  makes t h e  
a t  t afnrne nl; o f  sat  i sEac  t o r y  s t  a b i  1 i t y  c h a r a c  t e r i s t i c s i n- 
c r e a s i n g l y  d i f f i c u l t  ( r e f e r e n c e  1). Srilall c h a n g e s  i n  t h e  
s t a b i l i t y  p a r a m e t e r s ,  t h e r e f o r e ,  mag p r o d u c e  s i g n i f i c a n t  
c h a n g e s  i n  t h e  s t a b i l i t y  c h a r a a t e r t s t i c s  o f  t h e  a i r p l a n e .  
One comn;on change aade on e x i s t i n g  a i r p l a n e s  i s  a m o d i f i c a-  
t i o n  o f  t h e  e n g i n e  cowrling. Recen t  f l i g h t  i n v e s t i g a t i o n s  
have  s u g g e s t e d  tha t  c h a n g e s  i n  t h e  t y p e  o r  t h e  shape  o f  
e n g i n e  c o w l i n g  may a l t e r  t h e  f l y i n g  q u a l i t i e s  o f  a n  a i r -  
p l a g e ,  b u t  l i t t l e  d i r e c t  i n f o r m a % i o n  i s  a v a i l a b l e  con-  
c e r n i n g  t h e s e  e f f e c t s .  P r e s s u r e - d i s t r i b u t i o n  measurements  
o v e r  c o w l f n g s  o f  v a r i o u s  shapes are g l v e n  i n  r e f e r e n c e s  
2 ,  3, a n d  4 ,  R e f e r e n c e  2 c o n t a i n s  d a t a  on c o w l i n g s  o v e r  
a c o n s i d e r a b l e  r a n g e  o f  a n g l e s  o f  a t t a c k  b u t  d o e s  n o t  show 
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t h e  e f f e c t  o f  t h e  c o w l i n g  on t h e  f u s e l a g e  pressure d i s t r i -  
b u t i o n .  R e f o r e n c c s  3 and 4 c o n t a i n  e x t e n s i v e  p r e s s u r e -  
d i s t r i b u t i o n  measusemants  a t  l o w  s n g l c s  o f  n t t a c k  on n nu.=- 
b e r  o f  c o w l i n g- f u s e l a g e  n r r r n g e m e i i t s  o v e r  a wide rcongit 09 
Mach numbers, Referoi ico  5 shows  t h o  e f f e c t  o f  R radial, 
e n g i n e  and. cowl.ing on t h e  uns txb1 . s  momoct o f  a s t r e a r n l l n c  
bociy but  d o e s  n o t  show t h e  o f f s e t  on t h e  uoci thcrcoch s t a -  
b i l i t y  o f  t h e  c o m p l c t c  q i r p l n n ~ .  The p r ~ s e n t  Z n v e s t i g a -  
t i o n  was nictda t o  p r o v i d e  d l rc ;c t  i n f o r i n n t i o n  c o n c o r n i n g  t h o  
e f f e c t  o f  cowl-!.ng sh,npc? on thct l o n p i t u d i n a l -  ni?d k t e r a l -  
s t a b i l i t y  c h n r a c t e r i s t f c s  o f  t h e  o n t i r e  a i r p l a n e ,  

The t e s t s  were rmde i n  t h e  c l o s a d - t h r o a t  XkCA s t a b f l -  
i t y  C , u r i e l O  T ’ i i s  t u a n e l  i s  o f  r e c a n t  c o n s t r u c t i o n ,  A t  
t.k,e o u t s e t  o f  this i n v e s t i g a t i o n ,  t h e  c b a r a e t e r i s t i c s  o f  
n e i t h e r  t h e  t u n n e l  n o r  t h e  b a l a n c e s  had been e x P l o r e 0  very 
t h o r o u g h l y ;  c o n s e q u e n t l y ,  n o  a t t o m p t  ? a s  b e e n  a i d o  t o  sp-  
p l y  aiiy c o r r c c t i o n s  t o  t h o  d a t s .  o b t a i n e d ,  I n  view o f  t2ie 
c o m p a r a t i v e  n a t u r e  oE t k e  2 r c e e n t  i n v e s t i g a t i o n ,  however ,  
t h i s  p r o c t d u r c  s h o u l d  n o t  qL .a l i fy  any  r,f th:! conc lus j -ons  
rcac , i cd ,  

The t u n n e l  i s  equipped - w i t h  a six-colnpononc b a l a n c e  
c s p a c i a l l g  d e s i g n c d  t o  rmasnre  t t e  f o r c c s  and moments w i th  
rcspctct  t o  a s y s t e m  o f  a x e s  comnoaiy u s a d  i n  s t a b i l i t j .  
. i r J O r k ,  T h i s  s?s%em o f  axes i s  s i o v ~ n  in f i g u r e  1, The o r i -  
e r s t a t i o n  o f  t h e  drag v e c t o r  skot r ld  b2 no’ tcd  pa r t ? -cu la r l .y .  

T L c  model x s c d  i n  t h i s  i n v o s t i g a t f o r i  i s  r e p r e s o n t a -  



3 

t i  
PI 
i n  

ve o f  a e o n v c n t i o n n l  s i n g l c - e n g i n e  n t l i t a r y  p u r s u i t  a i r -  
aic oqufpped  w i t h  a r a d i e l  e n g i n a .  A t h r e e- v i e w  dr8.w- 
.g o f  t h o  0.l-scalc a i r p l a n e  model  showing  t h c  r e l a t i v e  

5123 2nd l o c a t i o n  o f  t h e  s t r e a m l i n o  iiose and t h e  t w o  cowl- 
i n g s  f s  g;TTren ir, f i g u r e  2, A l t h o u g h  no p r o p e l . l e r  was 
u s e d ,  ail n o s e  s e c t i o n s  were c o n s t r u c t e d  i n  such  a way 
that;  t h e  p l p n e  o f  t h e  p r s p e l l e r  wa,s a t  a f i x e d  d i s t a n c e  
f r o m  t h 6  c e n t e r  o f  g r a v i t y .  

The inodel  was c o r i s t r u c t e a  o f  l a m i n a t e d  mahogany. A Z L  
e x p o s e d  s u r f a c e s  were  s p r a y e d  w i t h  1-ncquer a n d  a s m o o t h  
f i n i s h  was o b t . t i n e d ,  B o t h  c o w l i n g s  were  n o d e l e d  a f t e r  t h e  
c o w I i n g s  u sed  ir, tils i n v a s t i g z t i o n  reported i n  r e f e r e n c e  6 ,  
Details o f  t h e  t e s t  arrangement f o r  the Bk-ELCA open- nose a n d  
high- spocd c o w l i n g s  n r e  givr;n 5.2, f i + r e s  3 2nd 4 ,  r e s p e c -  
t i v o l $ .  

In %no B-kCB h%&-snet:a- cow2fng,  t h e  coo l i .ng  a i r  e n-  
t e r s  a t  ?.he nose  o f  ",e f o r w ~ r c 2  c ; l = . n o ~ t  o f  t h e  c o w l i n g .  
Z 'his  c l c m c n t  a c t s  as r? s-;pfnner nncf normal.3.y ro t ; : t cs  w5th 
t h o  p . r o p c l l e r ,  t h e  ,-oi;rttPng eZenerst i s  f i t t o  d ia ternal3.y 
w i t h  c u f f s  t h T t  s e r v e  8 s  fz2 rirzgs f o r  t h o  p r ~ p e l . . i e s - b l a d e  
shanksa  I n  t h e  p r o s c n t  i n v o s t i g e t i o n ,  no  p r o p e l l e r  v~as 
u s e d  a n d  t h e  r o t a t i n g  e lomcnt  w ~ s  h c l d  r i g i d ,  The cowl-  
i n g  e x i t  n r r a a y c m c n t  WIS u n c o n v e n t i o n ~ l  i n  t h s t  t h o  c o 0 2 -  
f n g  n i r  w z s  cxhnustoa-  t h r o a g h  t w o  d u c t s ,  o n e  on e a c h  s i d e  
o f  the fuselage, i n s t e a t d  o f  thrsizgi? t h e  conventional an- 
r,ulsr c x i t  at the c o w l i n g  s k i r t .  

The r e s i s t a n c e  o f f o r o d .  by t h o  e n g i n e  t o  the x f r  f l o w -  
i n g  t h r o u g h  the cowlingr ;  wc7s s f ~ u l n t c j c l  33- p e r f o r a t e d  p l a t e s ,  
t h e  c o n d u c t a n c e s  3f inrkich coulci b e  v ~ r i e d ,  Yo? b o t h  eowL- 
i n g s ,  t h e  c o n d i t i o n  o f  maxinun c o n d u c t a n c e  a p p r o x t ~ a t e d  
t h e  f u l l - s c a i e  c o n d u e t ~ n c e  o f  2. t r y p i c a l  s i n g l e - r o w  radia l -  
e n g i n e  i n s t a l l a t i o n  w i t h o u t  c o ~ 3 . i n g  f l a p s  e 

T y p i c a l  b e s t  set,-ups q.re shown i n  f i g u r e  5 ,  

The s tse:clmline n o s e  n ~ d  t h e  t w o  c o w l i n g s  were eseh  
t e s t e d  on t h e  fu se lpbge  a l o n e  an?  on  t L e  c o m g l e t e  model .  
Each  c o m b i n a t i o n  W R S  t e s t e d  t h r o u g h o u t  t h o  r a n g e  o f  a n g l e  
o f  T t t t 2ck  f r o n  -5' t o  18' a t  angles o f  yaw o f  ' -5 , o O ,  
nnd so ,  T'csts were rnade RISO i n  which t h o  PL2ngle o f  y&v? 
w a s  v a r i e d  f r o m  lo* t o  - 4 0 "  w i t h  t h e  9-ng3-e o f  a t t z e k  f i x e d  
a t  0' rtnd IO". 

0 
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Most  o f  t h e  t e s t s  w i t h  t h e  two z o v l l n g s  were r u n  in 
t h e  c c n d i t i o n  r e p r e s e n t i n g  a a x i n u n  c o n d u c t a n c e .  Sone t e s t s  
w i t h  t h e  RAGA open- nose c o w l i n g  w e r e ,  however ,  r u n  v i b h  
z e r ~  cond-uctance:  t h z b  i s ,  t h e  f l o w  t h r o u g h  t h e  c o w l i n g  
was c o m p l e t e l y  s t o p p e d ,  

The t e s t s  were made a t  a dynpmic p r e s s u r e  o f  6 5  p o u n d s  
p e r  s q u a r e  f o o t ,  wh ich  c o r r e s p o n d s  t o  A speed  o f  a b o u t  1 6 0  
m i l e s  p e r  hour u n d e r  s t n n d n r d  c o n d f t i o n s ,  T h e  t e s t  Boyn-olds 
number based on  t h e  wfng c h o r d  was a b o u t  888 ,000 .  R e p e a t  
t e s t s  w c r c  rmdc a t  dynamic p r e s s u r e s  o f  I C 0  grid 1 2 5  pounds  
p e r  s q u ~ r c  f o o t  ( c o r r a s p o n d i n g  t o  t e s t  R e y n o l d s  numbers o f  
1 , 1 9 0 , 0 0 0  a n d  1,3338,000, r e s p e c t i v e l y )  b u t  1 - i t t l e  s c a l e  e f -  
f e c t  was s b s e r v e d  i n  t h i s  r a n g e .  

A l l  d a t a  a r e  r e d u c e d  t o  n o n d i m e n s i o n a l  c o e f f i c i e n t s  
a.nd are u n c o r r e c t e d  f o r  i n i t i a l  asymmetry i n  t h e  mod.el o r  
a i r  s t r e a m ,  f o r  s u p p o r t - s t r u t  i n t c r f e r e n c e ,  a n d  f o r  wlnd- 
t u n n e l  wall i n t e r f e r e n c e .  c o e f f i c i e n t s  a r e  r e f e r r e d  
t o  t h e  s y s t e m  o f  axes shown i n  f i g u r e  1, ? h e  c o e f f i c i e n t s  
:or t h o  f u s e l a g e  a r e  b a s e d  on t h e  wing dimens!.ons. The  
s g m ’ o o l s  and  c o e f f i c i e n t s  u s e d  i n  t h i s  r e p o r t  a r e  d e f i n e d  
as  f o l l o w s : :  

CD drag c o e f f i c i e n t  (D /o ,S ’  

CL l i f t  c o e f f i c i e n t  ( l i f t / q S )  

M p i t c h i n g  moment 

L r o l l f n g  rr2mznt 
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N yawing  nor lent  

cl d y ? i a - , i c  p r e s s u r e  <$pV ) 2 

S wing area. 

K c o n d u c t  -rice o f  covl,?ng 

a n.nglc o f  a t t a c k  ( t h r u s t  l i a e ?  

T n o  v a r i a t i o s ,  o f  tLe LIsasured lfft, drag, a n d  p i t c h -  
ing-;lor.icnt c o c f f i c i ~ n t s  with n n g l e  of a t t F L c k  f o r  t h e  d i f -  
f e r e n t  c o n b i m t i o i s  t e s t o d -  i s  given i n  f i g u r e s  6 t o  8 ,  
The e f f e c t  o f  yaw o n  t r i c s o  c g e f f i c i c n t s  I s  I l l u s t r a t e d  ea 
f ~ g u r o  9 ,  TypicaL v a r i a t i o n s  u f  t h e  l n t e r t i l - f o r c e  c o o f f i -  
c i e n t ,  t h e  r o i l r ' i n g - r o  . z n t  c o e f f i c i b n t ,  ?>nit % h e  yavcng-no-  
s e n t  c o e f f i c i e n t  w i t h  z n g l e  o f  y-w ari? g r c s e n t e d  i n  f i g -  
u- r i - s  L O  t o  12e 

' c 2  Y 
r 4  The v a r i a t i o n  o f  t k e  s t % b i . l i t y  p z r a n o ~ c r s  
w y *  'il, 

w i t h  ang '_e  o f  a t t a c k  i s  g ivc .1  i n  f i g i r o s  13 and. 
a i d  c n $  

C ,  a-nd C n  r e p r c  s e n t  t h e  1.4. T'ie para-:et cr s 

s l o p e ,  a t  z e r o  yaw, o f  tine C ~ L F V C S  o f  the c o c f f i c i c n t s  
a g a i n s t  2,ngle of y2w. I n  f j - e p r e s  13 a n d  1 4  t h e  t a i l e d  
p o i n t s  a r e  t h e  n e a s u r e d  s l o 9 e s .  The p l a t 2  p o i n t s  were 
e v a l u a t e d  f rom the da ta  t a k e n  a t  
a s s a m i n g  a l i n e a r  v a r f z , t i o n  o f  tlrie c o e f f i c i e n t s  i n  this 
r > n g e ,  T h i s  method o f  comput.ing t h e  para,met;ers y i e l d s  r e -  
s u l t s  w i t h i n  t h e  p r a c t i c a l  limits o f  a c c u r a c y  f o r  P.ngles 

C Y c '  I// '$ 

a n g l e s  o f  yaw of t.5' b y  
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of a . t t a c k  be low t h e  s t a l l .  F o r  angles o f  a t t a c k  above  t h e  
s t a l l ,  t h e  2 a r R m e t o r s  o v n l u a t e d  by t h i s  method have  l e s s  
s i g n i f 8 c z n c c .  

D'J: SCUS S I OW 

.A ckangc i n  t h e  t y p e  o r  t h o  s h p e  o f  t h e  c o w l i n g  on 
%IL a i r p l n n c  c o u l d  T f f o c t  t h e  s t a b i l i t y  a n d  c o n t r o l  c h a r -  
a c t e r i s t i c s  by v i s t u o  o f  t h e  f o l l o w i n g  e f f e c t s :  

1, B change  i n  t h e  fo rc .3  and  moment c o n t r i b u -  
t i o n  o f  the fusel8;P;o r e s u l t i n g  f r o a  a r c d i s t r i k u t i o n  
o f  g r c a  snd t h e  a.tLtJe:s-ed b a s i c  p r e s s r ~ r e  d i s t r i b u t i o n  
o v c r  t h e  fusc;atge. T h i s  p r e s s u r e  d i s t r i b u t i v n  i s  
affGCtoc? x i s o  by t h o  confi-uctancc of t h e  c o ~ ~ l i i 1 g  - a t  
l e 3 s t ,  o v n r  t h o  p o r % i o n  o f  t h o  f u s e l a g e  occugiod. by  
6, he c o w l i n g  e ( S e e  i -eforGnce 4 1 

2 0  I n t e r f c r o i c e  e r f e c t s  o n  t h e  wi:i."; a r d  t k e  
t a i l  s u r f a c e s  T e s u l t i n g  f r o c  t h e  a l 5 e r e d  f l o w  p a t -  
t s rn  a r o u n d .  t h e  f u s e l a g e .  T.hece e f f e c t s  may a l s o  
v n r y  wltll  t h e  c o n d a c t a n c e  o f  t h e  c o w l i n g .  

The e x t e n t  o f  t i - e  e f f e c t s  a t t z l b u - t a b J . e  ' co  changes  i n  
t h e  b a s i c  p r e s s u r e  d i s t r i b u t i o n  c a n  be d e t e r m i n e d  f r o m  t h e  
r e s u l t s  f o r  t t le  f u s e l a g o  a i o a e ,  A co~parison o f  t h e  r e -  
s u l t s  f o r  t h e  f u s e i a g e  a l o n e  an& t h e  r e s u l t s  f o r  t h e  C O Z -  
p l z t e  m o t i s 1  s h o u l d  r e v e a l  some o f  t h e  e f f e c t s  a t t r i b u t a b l e  
t o  i n t e r f e r e n c e .  X t  i s  a p p r e c i a t e 5  t h a t  t h e  comparisons 
s h o u l d  be imde on a r e l a t i v e  b a s i s ;  that i s ,  a g2vsn 
cbange o f  nomeut c o e f f i c i e n t  i s  o f  ,y;reater  i m p o r t a n c e  i n  
yaw t k a n  i n  p i t c h  b c c a u s e  t h e  total n o m n t  c o c f f i c i e n t  is 
u s u a l l y  less. 

P u s a f q a  a l o n e _ . -  Thc? d s t a  i n  f i g u r e  6 i n d i c a t e d  t h a t  
t h o  d i f f c r c n t ;  s h a p e s  t e s t e d  had  l i t t l . 9  e f f e c t  o n  t h e  c h a r -  
~ o t c r i s t i c s  o f  t h e  fuselage i n  p i t c h ,  T h o  para rne te r  n o s t  
a f f e c t e d  was t h e  d r c g  c o e l f i c i e n t .  A t  h i g h  a n g l e s  o f  a t -  
t a c k  the illore b l u n t  1TACS opon-nosf: cowl i i ig  h a d  t h c  h i g h -  
e s t  drag, ceusoc? p o s s i b l y  by a n  e a r l i o r  breslkdovn o f  t h e  
f l o w  o v e r  t h o  c o w l i n g ,  A sirnilar i n c r o a s o  i n  G.rag i s  
n o t i c e a b l e  a t  a n  a n g l e  o f  yaw 017 1 y 0 ,  (Sei:  fig. 9 , )  

T k e  e f f e c t  of  t h e  c l i i f e r e i i t  n o s e s  on  t h e  l a t e r a l -  
s t a b i l i t y  c h a r 3 , c t e r i s t i c s  shoulc? be n o t e a  (fig, 13). The 
f u s e l a g e  w i t h  the 1T.A.Cki high-speed c o w l i n g  g i v e s  v a l u e s  O f  

... a s  mnch as abou t  0 .0005  l o w s r  and  v a f n e s  o f  Cn,J, cyJI 



0.0003 m o r e  p o s i t i v e ,  t h a t  i s ,  more u n s t a b l e ,  t h a n  t h e  c o r-  
r e s p o n d i n g  p a r a m e t e r s  f o r  t h e  f u s e l a g e  w i t h  t h e  NACA open- 
nose  c o w l i n g .  I t  w i l l  be o b s e r v e d  a l s o  t h a t  a t  l a r g e  an-  
g l e s  o f  yaw t h e  f u s e l a g e  w i t h  t h e  NA.CA h i g h- s p e e d  c o w l i n g  
d e v e l o p e d  c o n s i d e r a b l y  s m e l l e r  l a t e r a l  f o r c e s  t h a n  t h e  
f u s e l a g e  w i t h  t h e  BACA open- nose c o w l i n g ,  These  r e s u l t s  
a r e  i n  ag reement  w i t h  t h e  t r e n d s  i r r d i c a t e d  i n  r e f e r e n c e  5. 
I n  f i g u r e  1 0  t h e  s c a t t e r  o f  t h e  ro l l ing- moment  c o e f f i c i e n t s  
i s  s o  g r e a t  t h a t  no a t t e m p t  was made t o  f a i r  a c u r v e  t h r o u g h  
t h e  p o i n t s ,  

Comple te  m o d e l . -  A p a r t  f r o m  s l i g h t  i r r e g u l a r i t i e s  i n  
t h e  l i f t  c u r v e  a t  a n  a n g l e  o f  a t t a c k  o f  a b o u t  1 0  , t h e  
t y p e  o f  c o w l i n g  a f f i x e d  t o  t h o  f c i s e l a g e  d i d  n o t  a p p r e c i a -  
b l y  a f f e c t  t h e  c h a r a c t e r i s t i c s  i n  p i t c h  o f  t h e  c o m p l e t e  
model ( f i g s .  ?‘(a) znd ‘ 7 ( b ) ) .  The e f f e c t  o f  c o n d u c t a n c e  
s h o u l d  be  n o t e d  ( f i g s .  8(3) a n d  8 ( b ) ) .  With z e r o  conduc t ,  
x n c e ,  a breakdown o f  t h c  f l o ~  p r o b a b l y  o c c u r s  a t  r2 l o w e r  
angle o f  a t t a c k .  T h i s  c o r , d i t i o n  t s  r , s s o c i a t e d  possibly 
w i t h  t h e  development  of  c r i t i c a l  penk p r e s s u r e s  on t h e  
c o w l i n g  a t  lower a n g l e s  o f  a t t a c k  a s  t h e  c o n d u c t a n c e  of  
the c o w l i n g  i s  d e c r e a s e d .  ( S e e  r e f e r e n c e  4, )  

0 

The e f f e d  o f  t h e  t h r e e  n o s e  s h a p e s  on t h e  l a t e r a l -  
s t a b i l i t y  c h a r a c t e r i s t i c s  o f  t h e  comp2ete model ( f i g .  1 4 )  
i s  s i m i i a r  t o  t h a  e f f e c t s  observed. on t h e  f u s e l a g e  a l o n e .  
The v a l u e s  f l u c t u a t e  somewhat w i t h  a n g l e  o f  a t t a c k  b u t  i t  
i s  s e e n  “ s a t ,  i n  t h e  normal  r a n g e  o f  a n g l e  of a t t a n k ,  t h e  
v a l u e  o f  Cyv f o r  t h e  ISACA h i g h- s p e e d  c o w l i n g  i s  a l w a y s  

l e s s  t h a n  t h e  c o r r e s p o n d i n g  v a l u e  f o r  t h e  XAGA oper- nose  
i s  a1way.s more p o s i t i v e ,  t h a t  i s ,  c o w l i n g  and  t h a t  C 

more u n s % a b l e ,  t h a n  t h e  c o r r e s p o n d i n g  v a l u e  o f  C f o r  

t h e  NACA open-nose cowl ing.  The a c t u a l  i n c r e m e n t s  i n  
t h e s e  pa ramet , e r s  wcre  of t h e  same o r d e r  of magn i tude  a s  
t h o s e  o b s e r v e d  f o r  t h e  fuse l .age  a l o n e ;  t h a t  i s ,  = 

-0.0005 a n d  = 0.0003,  Check t e s t s  made of t h e  fusc-  

l a g e  i n  c o m b i n a t i o n  w i t h  t h e  h o r i z o n t a l  a.nd v e r t i c a l  t a i l  
s u r f a c e s  h a v e  v e r i f f e d  t h e s e  o b s e r v a t i o n s ,  Thc a b s o l u t e  
d i f f c r c n c e s ,  however ,  are smal l  a n d ,  if p l o t t e d  t o  t h e  
s c a l e  o f  f i g u . r e  1.1, may be o v e r l o o k e d ,  I n  f i g u r o  1 4 ,  
f l u c t u a t i o n s  i n  t h o  p a r a m e t e r  C z  a r o u n d  11’ o r  12’ i n d i -  
c a t e  t h a t  b o t h  wings  d o  n o t  s t a l l  s i m u l t F n c o u s l y .  The 
e f f e c t  o f  c o n d u c t a n c e  wr2s n o t  i n v e s t i g a t e d  v e r y  e x t e n s i v e-  
l y  b u t ,  a t  l o v  a n g l o s  o f  a t t s c k ,  i t  a p p o a r e d  t o  bc  smal l .  

n* 

nv  
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A t  l a r g e  a n g l e s  o f  yaw the results f o r  t h e  HACA open- 
nose  c o w l i n g  s h o w  l a r g e r  lateral-force c o e f f i c i e n t  s a n d  
l a r g e r  yawing moments ( f i g  1.1). The f a v o r a b l e  e f f e c t  of  
t - ie  flcw t h r o u g h  t h e  c o g b i n g  c.n t h e  r o l l - i n g  characteris- 
t i c s  a t  a n g l e s  o f  yaw bej-.iond 15 i s  i ‘ n t e r e a t i n g .  0 

The e f f e c t  o f  t h e  c o w l i n g s  c a n n o t  be  r i g o r o u s l y  sep-  
a r a t e d  i n t o  changes  res111 t ing  f r o m  t h e  a l t e r e d  b a s i c  p r e s -  
sure  d l s t r i b u b i o n  oven t h e  fuse la , , r e  a n i t  c h a n g e s  r e s u l t i n g  
f r o m  i n t e r f e r e n c e  e f f e c t s  on t h e  f l o i ~  a v e r  t h e  wing a n d  
t a l l  s u r f a c e s  w i t h o u t  c o q l a t o  d a t s  o n  all c o n b i n a t i o n s  0 2  
t h e  w i n g ,  t a i l  s u r f r z c e s ,  and  f u s e l a g e .  I t  woula Pppear  
froir i  a c o m p a r i s o n  o f  t h e  r c s u l t s  f o r  t h e  f u - s e l a g e   lone 
s n a  f o r  t h e  comple te  model., ~ O I N O V C ~ ,  t h a t  a I ~ r g e  p e r c o n t -  
s ~ c  o f  t,ho changes  I n  t i le s t a b i ~ i t y  parameters wt?ro p r i -  
marily n t t r i b u t a b l e  t o  t h o  n ’ s t c r e d .  b a s i c  prcssuro d i s t r i -  
b u t i o n  o v c r  t h o  f u s c l c g e ,  

Thr r e s u l t s  o f  t h i s  i n v e s t i g p t i o n  pdmit % h e  f o l l o w i n g  
conclusions c o n c c r a i n g  t h e  e f f e c t  o f  co : r l , fng  shape  on. $he 
s + n b i l i L y  c h a r g - c t e r i e t i c s  o f  r ,n i a l r p l a n o :  

1,. O r d i i - n r y  c 3 n n g ~ s  in t h o  t y p o  or t h e  sliepe o f  a 
c o w l i n g  a f f i x e d .  t o  nn . t i rpl .r ino p r c  z p t  t o  p r o d u c 9  9-pprec i -  
able chnngos  i n  t h e  l a t e r a l - s t a b i l i t y  c h n r a e t o r i s t i c s  oi’ 
t h e  a i r p l a n e  o n l y  i f  t h c  i n i t i w l i  s t s t i l i t y  is s?,,?..irginal, 
12 t h e  p r e s e n t  i n v 9 s t i g x t i o n  a radical cllangc in t h e  shape 
o f  t h o  c o w l i n g  r e s u l t e d  i n  o n l y  a s r l ~ , L l  rcduct io’ r i  i n  
we9 t hcr  c ‘3 c k s t a b  i l i t y . 

2 ,  B o l o w  t h o  cri.tj.ci71 s p e e d  o f  t h e  C O W ~ ~ L Y I ~ ,  p r a c t i -  
CSZ variations o f  e n g i n e  c o n d u c t a n c c  w i l l  h a v e  ioinor ef- 
f c c t s  o n  t h c  s t a b i l i t y  c h n r a c t c r i s t i c s  o f  $.hi, a i r ? l a n e ,  ex- 
cd.pt p o s s i b l y  i n  t h e  nci,ghbor?1oG(? of  thi! s t a l l .  
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NACA Fig. 5 

( e )  FUSELAGE W I T H  NACA OPEN-NOSE COWLING. 

( A )  COMPLETE MOOEL WITH  NACA HIGH-SPEED COWLINQ. 

FIGURE 5. - MODELS W I T H  T W O  T Y P E S  OF NACA C O WL I N G  
M O U N T E D  O N  SUPPORTS. 
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